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Summary
In severe brain injury patients few studies have examined the role
of early clinical factors emerging before recovery of consciousness.
Patients su¤ering from vegetative state and minimally conscious
state in fact may need variable periods of time for recovery of the
ability to follow commands. In a previous study we retrospectively
examined a population of very severe traumatic brain injury patients
with coma duration of at least 15 days (prolonged coma), and we
found, as significant predictive factors for the final outcome, the time
interval from brain injury to the recovery of the following clinical
variables: optical fixation, spontaneous motor activity and first safe
oral feeding. Psychomotor agitation and bulimia during coma re-
covery were also favourable prognostic factors for the final outcome.
In a further study, also as for the neuropsychological recovery, the
clinical variable with the best significant predictive value was the
interval from head trauma to the recovery of safe oral feeding.
In the present study the presence of psychomotor agitation diag-
nosed by means of LCF (score 4 ¼ confused-agitated) at the admis-
sion time in rehabilitation predicted a statistically significant better
outcome at the discharge time in comparison with patients without
agitation.
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Introduction
Survivors from severe traumatic brain injury (TBI)
often su¤er from prolonged disturbances of con-
sciousness, such as coma (lasting from few hours to
some days), prolonged coma (lasting at least 15 days),
minimally conscious state [12] and/or vegetative state
[16]. These conditions may be followed by di¤erent
clinical outcomes, with recovery process lasting vari-
able periods of time (from few days to several months).
Age, severity and duration of coma, duration of post-
traumatic amnesia, site and extent of cerebral lesions
and association with polytrauma and hypoxia have
been considered as the main prognostic factors to pre-
dict the outcome of severe TBI patients [1, 5, 10, 17–
19]. Unfortunately, useful studies looking at a variety
of clinical features observed in the early phases of
coma recovery are scant. The majority of the studies
investigating the clinical factors predicting the final
outcome of severe brain injury patients regard the
acute phase. In fact, coma severity, measured by
means of Glasgow Coma Scale (GCS) [22], is corre-
lated with the final outcome, assessed by the Glasgow
Outcome Scale (GOS) [15], although it is well known
that the GOS score may still change within the first
year from brain injury. Coma duration is also a sig-
nificant predictive factor for final outcome of severe
brain injury patients, but few studies have examined
the role of early clinical factors emerging before the
complete recovery of consciousness. Patients su¤ering
from vegetative state and minimally conscious state
in fact may need variable periods of time for recovery
of the constant ability to follow commands. The dura-
tion of post-traumatic amnesia, which is a significant
prognostic factor for final outcome of TBI patients, is
very di‰cult to be measured in minimally conscious
state or patients su¤ering from persistent memory dis-
turbances.
In a previous study we retrospectively examined a
population of severe traumatic brain injury patients
with coma duration of at least 15 days (prolonged
coma), in order to evaluate some possible clinical pre-
dictive factors for the final outcome. A statistically
significant correlation with disability scales such as
GOS and Barthel Index (BI) at 1 year follow up was
found for the time interval from brain injury to the
recovery of the following clinical variables: optical
fixation, ability to follow commands, spontaneous
motor activity and first safe oral feeding. Psychomotor
agitation and bulimia during coma recovery were also
favourable prognostic factors for the final outcome [8].
In a further study we evaluated the possible role of
some clinical factors in predicting cognitive outcome
in a group of TBI patients, with GCS lower than 8 and
prolonged coma. The clinical variables evaluated in
correlation with the neuropsychological outcome were
the following: age, duration of unconsciousness, dura-
tion of post-traumatic amnesia, interval from head
trauma to neuropsychological evaluation, interval
from head trauma to recovery of oral feeding, and
Table 1. Post-Coma Scale (1–60)
Pupils
4 ¼ bilateral prompt reaction
3 ¼ monolateral prompt reaction
2 ¼ torpid reaction
1 ¼ mild signs of reaction
0 ¼ no reaction – fixed mydriasis
Reaction to auditory stimulation
4 ¼ obeys to command
3 ¼ looks toward the stimulation
2 ¼ blinks in response to the stimulation
1 ¼ does not look to the stimulation
0 ¼ no reaction
Reaction to painful stimulation
4 ¼ finalized motor response
3 ¼ localizes, but not ward o¤ pain
2 ¼ decorticated reaction
1 ¼ decerebrated reaction
0 ¼ no reaction
Eyelid and ocular bulbi position
4 ¼ eyes open spontaneously
3 ¼ eyes open to stimulation
2 ¼ eyes open to painful stimulation
1 ¼ fixed divergence of the bulbi
0 ¼ eyes closed
Motility of the eyes
4 ¼ ocular pursuing
3 ¼ blinks to menace
2 ¼ absent oculocephalic response
1 ¼ present oculocephalic response
0 ¼ pendular movements of the eyes
Oral movements
4 ¼ normal (follows commands)
3 ¼ bite tendency and oral exploration
2 ¼ trismus, jaw contracture
1 ¼ primitive oral automatism ( jawning, sucking, bruxism, etc.)
0 ¼ no oral movements
Spontaneous motility and posture
4 ¼ normal
3 ¼ spontaneous motor activity
2 ¼ decortication
1 ¼ decerebration
0 ¼ flaccidity
Speech
4 ¼ normal
3 ¼ aphonia or dysarthria
2 ¼ confused and stereotyped words/confabulations
1 ¼ incomprehensible sounds
0 ¼ no speech
Behaviour
4 ¼ appropriate interaction
3 ¼ psychomotor agitation
2 ¼ spastic crying and/or laughing
1 ¼ antagonistic behaviour
0 ¼ no psychomotor initiative/inertia
Communication with the environment
4 ¼ verbal
3 ¼ by gesture or writing
2 ¼ by eyelids closure
1 ¼ by mimic reactions
0 ¼ absent
Duration of consciousness disturbance (at the evaluation time)
4 ¼ less than 1 month
3 ¼ less than 3 months
2 ¼ less than 6 months
1 ¼ less than 1 year
0 ¼ longer than 1 year
Breathing
4 ¼ normal
3 ¼ tachypnoea or stertorous
2 ¼ with pauses/periodic breathing
1 ¼ intubation/tracheostomy
0 ¼ assisted ventilation
Feeding
4 ¼ normal
3 ¼ dysphagia
2 ¼ food refusal (incostant feeding by mouth)
1 ¼ stomach tube/gastrostomy (PEG)
0 ¼ parenteral nutrition
Sphincters’ control
4 ¼ normal
3 ¼ sporadic incontinence and/or retention
2 ¼ urine condom/napkin
1 ¼ vesicostomy/intermittent catheterization
0 ¼ no control (permanent urine catheter and fecal incontinence)
Cutaneous trophysm
4 ¼ normal
3 ¼ small non infected bedsore
2 ¼ wide non infected bedsore
1 ¼ infected bedsore or multiple bedsores
0 ¼ multiple wide and/or infected bedsores
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finally interval from head trauma to first verbal com-
munication. The clinical variable with a significant
predictive value on most neuropsychological scores
was the interval from head trauma to the recovery of
safe oral feeding. Length of unconsciousness and the
time interval between head trauma and both first ver-
bal communication and oral feeding were negatively
correlated with the global measure of disability as ex-
pressed by the GOS score in the expanded version [9].
Clinical observations have suggested that traumatic
brain injury patients go through a stage of agitation
and restlessness as a natural part of recovery process
[2–4, 21]. Moreover, psychomotor agitation and rest-
lessness are reported as favourable prognostic features
of recovery from severe brain injury [2, 21].
Aim of this study was to confirm the possible prog-
nostic role of some clinical factors emerging during
recovery of consciousness in severe brain injury pa-
tients with prolonged coma, such as the presence of
psychomotor agitation, for predicting the final out-
come.
Materials and methods
We enrolled 150 severe brain injury patients, consecutively ad-
mitted to the Rehabilitation Hospital Santa Lucia in Rome, from
October 2001 to October 2003, as in- or out-patients. The collection
of data was performed to join in a multicentric Italian study on
severe acquired cerebral lesions (GISCAR), involving 66 rehabilita-
tion centres for severe brain injury.
At the admission to our Rehabilitation Hospital (t0) and at dis-
charge (t1) the following disability scales were administered to all
patients:
– Levels of Cognitive Functioning (LCF) [14];
– Disability Rating Scale (DRS) [20];
– Glasgow Outcome Scale (GOS).
In order to obtain a single ‘‘improvement index’’ (I.I.), LCF, DRS
and GOS were summed up and normalized, to make the interval
between scores homogeneous for the 3 scales. In particular, since
DRS has a total range score of 30, LCF of 8 and GOS of 5, LCF was
multiplied for 3.75 (8 3:75 ¼ 30), whereas GOS was multiplied for
6 (5 6 ¼ 30). I.I. was finally obtained by the di¤erence of the nor-
malized sums of the 3 scales at t0 and t1 times.
In a minority of patients (30 patients) Post-Coma Scale (PCS) [7]
(Attached) was administered at admission to our Rehabilitation
Hospital by two blind examiners, to correlate PCS with DRS and to
evaluate the inter-rater reliability of PCS. Correlation between the 2
examiners (PCS1 and PCS2) and the 2 disability rating scales was
examined by means of Spearman R test. P level was set up at 0.05.
Finally, age, etiology of coma, interval from coma to admission in
rehabilitation and the presence of psychomotor agitation during
coma recovery were investigated in correlation to the outcome at
discharge from rehabilitation.
Statistical analysis of the data was performed by means of non
parametric tests such as Kruskal-Wallis, Fisher exact test and by
logistic analysis.
Results
Among the 150 severe brain injury patients ad-
mitted as in-patients, day hospital or out-patients, 80
in-patients at the first rehabilitation admission were
examined.
The 80 patients (57 M, 23 F) had a mean age of 38
years (range: from 18 to 78) and a mean coma duration
of 29 days (range: 2–180 days). The etiology of brain
injury was: traumatic brain injury (TBI) (N ¼ 51 pa-
tients; 63.8%); hypoxic coma (N ¼ 8 patients; 10.0%);
hemorrhagic stroke, including non traumatic sub-
arachnoid hemorrhage (N ¼ 17 patients; 21.2%); is-
chaemic stroke (N ¼ 2 patients; 2.5%); cerebral in-
fections meningo-encephalitis (N ¼ 2 patients; 2.5%).
The mean length of stay, including the whole period of
rehabilitation (as in-patient, day hospital, out-patient)
was of 161 days (range: 23–519 days).
Among TBI patients (N ¼ 51) only 5 patients
(9.8%) were older than 50 years and none of them had
a significant improvement, i.e. improvement index
(I.I.) higher than the median score. Conversely, among
patients younger than 50 years (90.2%), in 28 patients
(60.9%) the improvement was statistically significant
(Table 2). Patients younger than 40 years had a prob-
ability to improve higher (about six times) than pa-
tients older than 40 years, with a trend to a statistically
significance (p < 0.06).
As for the etiology, the improvement index (I.I.)
of traumatic patients was higher than non traumatic
cases (15.7 vs 11.2), with a trend to statistical signifi-
cance (p < 0.09) (Table 3).
Table 2. Improvement index as related to patients’ age
Age Improvement index Total (%)
Improvement No improvement
<50 years 28 (60.9%) 18 46 (90.2%)
>50 years 0 5 5 (9.8%)
Total 28 23 51
p < 0.02 – Fisher exact test 0.014.
Table 3. Comparison between improvement index from traumatic
(TBI) and non traumatic brain-injured (non-TBI) patients
Patients
observed
Total I.I. Mean Variance Std Dev
TBI 51 801.50 15.71 139.71 11.82
Non-TBI 29 326.25 11.25 79.97 8.94
p < 0.09 – Fisher exact test 0.0868.
Early clinical predictive factors during coma recovery 203
Among the 51 patients, 21 (41.2%) had an LCF
score equal to 4 (confused-agitated) at admission
in rehabilitation and among them a statistically signif-
icant higher percentage of patients showed an im-
provement index (I.I.) higher than the median score
(equal to 13) (p < 0.05).
Therefore the presence of psychomotor agitation
diagnosed by means of LCF at the admission time (t0)
predicted a statistically significant better outcome at
the discharge time (t1) in comparison with patients
without agitation (Table 4).
As for interval from brain injury and admission in
rehabilitation, the beginning of rehabilitation within
90 days significantly increased the improvement prob-
ability of about 5.7 times (p < 0.02) in comparison
with patients admitted in rehabilitation later than 90
days after brain injury (Table 5).
This result was also confirmed by a logistic analysis
including the di¤erent clinical factors, i.e. age, interval
from brain injury to admission in rehabilitation and
coma duration.
Finally, PCS, as a measure of global disability, in-
cluding also the interval from coma to the evaluation
time and the presence of bed rest syndrome, showed a
good inter-rater reliability and a statistically signifi-
cant correlation with the DRS score (Table 6).
Discussion
Vegetative state is usually defined as ‘‘the absence of
any understandable response to external stimuli or in-
ner need’’ [16]. However, such a definition raises the
question of whether psychomotor agitation represents
a lack of response to external stimuli or inner need.
Restlessness and agitation in the first phase of coma
recovery, or as behaviour emerging in severe brain
injury patients with prolonged disturbances of con-
sciousness, rarely leads to a significant functional in-
teraction of the patient with the environment. Usually,
in fact, the agitated patient does not follow commands,
either for antagonistic behaviour or for extreme at-
tention lability. Is therefore psychomotor agitation a
minimally conscious state or a vegetative state? As a
matter of fact, in spite of the lack to follow commands,
restlessness and agitation may be interpreted as pur-
poseful behaviour and might precede the recovery of
consciousness.
In this preliminary study the presence of psychomo-
tor agitation at the beginning of rehabilitation was a
good predictive feature for recovery at the end of re-
habilitation program.
Other behavioural disturbances have been pre-
viously reported in severe brain injury patients, such
as Klu`ver-Bucy syndrome, i.e. presence of 3 or more of
the following symptoms and signs: increased oral ac-
tivity, hypersexuality, hypermetamorphosis (extreme
attention lability), memory disorders, placidity, loss of
people recognition, bulimia [13]. The syndrome has
also been reported as a possible recovery phase and
positive prognostic feature for a good recovery in
patients with severe traumatic brain injury and pro-
longed disturbance of consciousness [6, 11].
In a previous study [8] we also demonstrated the
positive predictive role of some clinical features
emerging during recovery of consciousness in very se-
vere brain injury with prolonged coma, for the final
outcome, i.e. time interval from brain injury to the re-
covery of optical fixation, spontaneous motor activity
Table 4. Comparison between Improvement Index in TBI patients
with LCF score ¼ 4 (confused-agitated) and TBI patients with LCF
scores di¤erent from 4 (not agitated)
Improvement index Total
Improvement No improvement
LCF ¼ 4 15 (71.4%) 6 21 (41.2%)
LCF non 4 13 (43.3%) 17 30 (58.8%)
Total 28 23 51
p < 0.05 – Fisher exact test 0.043.
LCF Level of Cognitive Functioning.
Table 5. Improvement Index as related to time interval between TBI
and admission at rehabilitation
Improvement index Total (%)Interval
TBI/rehabilitation
Improvement No improvement
<90 days 22 (68.8%) 10 (31.3%) 32 (62.7%)
>90 days 6 (31.3%) 13 (68.4%) 19 (37.3%)
Total 28 23 51
P < .001 – Fisher exact test 0.0107.
Table 6. Correlation between two disability rating scales
– Spearman R p-level
PCS 1st–PCS 2st 0.96 0.001
DRS–PCS 1st 0.88 0.001
DRS–PCS 2st 0.92 0.001
1st First Examiner, 2st Second Examiner, PCS Post-Coma Scale,
DRS Disability Rating Scale.
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and the first safe oral feeding. Moreover, as previously
reported, in very severe brain injury patients with pro-
longed coma, also the neuropsychological outcome
was best predicted by the time interval from brain in-
jury to the recovery of the first safe oral feeding [9].
Psychomotor agitation and bulimia were also favour-
able prognostic factors for the final outcome [8].
As for spontaneous motor activity, it is a common
clinical experience that patients with preserved spon-
taneous motor activity had better outcome than pa-
tients with pathological posturing of upper and lower
limbs such as decerebrated or decorticated posture,
which are commonly associated to vegetative or mini-
mally conscious state.
In severe brain injury the most significant clinical
prognostic factors are represented by severity of coma
(GCS), coma duration and post-traumatic amnesia.
Very severe brain injury with prolonged coma
(coma duration of at least 15 days) other clinical fea-
tures emerging during coma recovery may be of inter-
est, such as spontaneous motor activity, psychomotor
agitation, hypersexuality (Klu`ver-Bucy) and the time
interval from brain injury to recovery of safe oral
feeding.
Finally, PCS, as a measure of global disability, in-
cluding the interval from brain injury to the adminis-
tration of the scale and need of intensive nursing care,
may be an interesting evaluation tool for predicting
final outcome in patients with prolonged disturbances
of consciousness.
If our preliminary results will be confirmed in larger
studies, spontaneous motor activity and psychomotor
agitation might be favourable prognostic features for
recovery of consciousness in vegetative and minimally
conscious state.
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